Summary: An optimized assay is described for the catalytic activity dctermination of serum ribonuclease, using polycytidylic acid äs Substrate and measuring the released acid-solubte ultra-violet absorbing products. Rccommended final reaction concentrations are 0.3 mmol/1 polycytidylic acid, 200 mmol/1 imidazole/HCl buffer, pH 7.0, and 50 mmol/1 NaCl. Optimal concentrations for the precipitation procedure, guaranteeing sufficient precipitation and minimal decomposition of unreacted Substrate, are 160 mmol/1 perchloric acid and 4 mmol/1 lanthanum nitrate. Coefficients of Variation for the method (within series and between days) ranged from 2.2 to 7.9%. No sex-related diflferences of catalytic activity were observed. In 63 blood donors with normal values of serum creatinine, the upper limit of the reference intervals (99th percentile) was 33.7 kU/1.
Materials and Methods

Reagents and Solutions
Polycytidylic acid, potassium salt was obtained from Boehringer Mannheim GmbH, Mannheim (FRG); the buffers tris(hydroxymethyl)-aminometnane and N-tris(hydroxymethyl)methyl-2-aminoethanesulphonic acid from Serva Feinbiochemica, Heidelberg (FRG); KH 2 PO 4 , K 2 HPO 4 , perchloric acid, lanthanum nitrate from E. Merck GmbH, Darmstadt (FRG); imidazole from Fluka, Buchs (Switzerland), and sodium Chloride from VEB Laborchemie, Apolda (GDR). The solutions mentioned below were made in triple distilled water. We adjusted the pH of substrate/buffer Solutions at 37 °C, using calibration buffers (Forschungsinstitut Meinsberg, GDR) produced according to the U. S. National Bureau of Standards.
Diluent: 150 mmol/1 sodium Chloride solution. 87.7 g of sodium Chloride are dissolved in water and diluted to l liter.
Substrate solution: 300 mmol/1 imidazole/HCl buffer, pH 7.0, 0.45 mmol/1 polycytidylic acid. Imidazole (2.044 g) is dissolved in about 80 ml of water, adjusted to pH 7.0 with hydrochloric acid, and diluted with water to 100 ml. Then 25 mg of polycytidylic acid are dissolved in this buffer solution. The Substrate/ buffer solution is stable for at least 3 weeks at -20 °C.
Stop solution: 20,0 mmol/1 perchloric acid, 5 mmol/1 lanthanum nitrate. La(NO 3 ) 3 · 6 H 2 O (541 mg) is dissolved in 200 ml of water, 4.3 ml of perchloric acid (1.67 kg/l) are added and diluted to 250 ml with water.
Samples
Serum samples obtained from healthy blood donors were stored at -20 °C and analysed not later than 3 weeks after collection.
For the optimization of analytical variables, equal volumes of 30 sera were mixed and used s sample.
Ribonuclease assay
The determination of ribonuclease is· based on the principle described by Heppel'.et al. (18) , namely, that polycytidylic acid is hydrolysed by this enzyme during a fixed time incubation. After precipitation of undegraded Substrate by perchloric acidlanthanum nitrate solution, the absorbance increase of supernatant due to the release of acid-soluble oligonucleotides is measured at 278 nm. The ribonuclease activity is calculated using the molar lineic absorbance of 1300 m 2 χ mol" 5 for cytidirie 3'-monophosphate (19). Results are expressed s kU/1. One unit is defrned s the amount of enzyme which produces l μηιοί of acid-soluble nucleotides per min at 37 °C under the given reaction conditions. The determination procedure is described in table 1. All meas rements were made on a DU-8 Spectrophotometer (Beckman Instruments, Fullerton, USA). The incubations were perfornied in ribonuclease-free microcentrifuge tubes (Kombinat Beh lterund Verpackungsglas, Leipzig, GDR). For the centrifugations, a refrigerated centrifuge, Model K 23 (VEB Zentrifugenbau, Leipzig, GDR) was used. 
Results
Analytical variables
Buffer and pH
The catalytic activity of ribonuclease was measured in the buffer Solutions of tris(hydroxymethyl)aminomethane, N-tris(hydroxymethyl)methyl-2-aminoethanesulphonic acid, imidazole, and potassium phosphate in the ränge pH 5.5 to pH 8.0 (Fig. 1) . The pH Optimum is clearly aflected by the buffers used. The highest catalytic activity was obtained in 200 mmol/1 imidazole/HCl buffer, pH 7.0 ( fig. l and 2 ). In the other buffers investigated, the catalytic activity decreased with increasing concentrations (not shown). 
Polycytidylic acid
The effect of the polycytidylic acid concentration on catalytic ribonuclease activity was examined between 0.03 and 1.8 mmol/1 in serum and urine samples from healthy persons and serum samples from patients with elevated serum creatinine ( fig. 3 ). The catalytic activity increased in all the three samples investigated up to about 0.3 mmol/1 of polycytidylic acid, whereas a typical Substrate Inhibition effect was observed at higher concentration of polycytidylic acid. However, the extent of Inhibition differed among the samples. This phenomenon of different Substrate Inhibition may reflect the different isoenzyme composition of the samples investigated. The polycytidylic acid concentration of 0.3 mmol/1 was selected for our proposed method. 
Influence ofcations
Numerous cations have been tested in the reaction mixtures for ribonuclease determination (20) (21) (22) , but there is some disagreement over their effects on the catalytic activity of ribonuclease (23) . Comparing the data in the literature, it is obvioüs that the effect of cations on ribonuclease activity depends ön the buffer and Substrate used (23) . Therefore, their effects under the above-stated reaction conditions had to be investigated. The monovalent cations, sodium and potassium, were studied at concentrations from 0 to 300 mmol/1, the divalent cations, magnesium and calcium (all with chloride äs anions), from 0 to 8 mmol/1. The effect of NaCl is shown. iri' 
Stop solution and precipitätion procedure
The influence of perchloric acid äs well äs lanthanum nitrate concentrations was examined (tab. 3). As final concentrations of the precipitating reagent 160 mmol/1 perchloric acid and 4 mrngl/1 lanthanum nitrate were selected äs this combination leads to the lowest absorbance in the superaatänt (tab. 3). Since the blank valüe is not essentially influenced by the perchloric acid concentration, it is assumed that a stronger perchloric acid concentratioii döes not destroy polycytidylic acid but decomposes depolyinerized products resulting from the ribonuclease attack upon polycytidylic acid. Therefore, the lowest absorbance in the süpernatant (i. e. activity) indicates (tab. 3) that these conditions caüse sufficient precipitätion and minimized decomposition of these products.
Linearity
The method shows a linear response for the catalytic concentration of ribonuclease up to a net absorbance of about 0.900 under the given assay conditions (flg. 4). Taking into account this absorbance limit, linearity can be assumed over a reaction time of at least 30 min under the given conditions ( fig. 5 ).
Stability
Owing to its high catalytic activity in serum, ribonuclease has to be diluted for measurement. At first the enzyme stability was tested after dilution. For this purpose, dilutions of 10 serum samples both with 150 mmol/1 NaCl solution and with distilled water were prepared and then stored at room temperature (about 23 °C). Their activities were measured over a period of 3 hours. In comparison with their starting activities, the mean recoveries for the samples diluted with the saline solution after that time were 101% (Standard deviation 4.5%) and 117% (Standard de- At these temperatures, the samples did not lose their catalytic activities over 5 days. However, it is recommended that samples be stored at -20 °C when not tested within 3 days. In the complete reaction mixture, the enzyme was stable for at least 30 min (see section on Linearity and fig. 5 ). Table 5 shows our precision data for the method.
Precision
Comparison with method according to Reddi (7) In comparison with the popul r and often cited determination method of Reddi (7), our procedure resulted in a three-to-four-fold increase of sensitivity ( fig. 6 ). Both methods showed results which correlate very well (r = 0.935). viation 9.3%) for those diluted with water. Because of this significant difference (p < 0.001) dilution of serum with a 150 mmol/1 NaCl solution is recornmended. Thus the NaCl coticentration in the reaction mixture is 50 mmol/1, which is also best for the monovalent cation effect.
The stability of ribonuclease was studied on 10 serum samples stored at room temperature (about 23 °C), 4°C, and -20°C (tab. 4). 
Reference intervals in healthy adults
To determine preliminary reference ranges, the catalytic activity of ribonuclease was assayed in the sera of blood donors (n = 63; 32 females, 31 males) with normal values of serum creatinine. The age structure of women (ages 23 to 53 years; mean value: 37.1 ± 8.6 years) did not differ from that of men (ages 22 to 55 years; mean value: 34.1 + 8.5 years). Distributions of ribonuclease values, estimated by use of the X 2 -test, did not show any significant deviations from Gaussian distribution. No sex-related differences were found (22.2 ± 5.1 kU/1 for women; 21.5 ± 5.2 kU/1 for men). Therefore, the preliminary reference intervals listed in table 6 were established with the combined data of males and females.
Discussion
Although the diagnostic evidence of ribonuclease in various diseases has been discussed (1 -12), detailed Information is lacking because methodical problems in the determination of this enzym? feave not yet been resolved. Recently, many authors Äave attempted to investigate this problem more systematically with regard to the different methods used in activity measurements (10, 21, 23) .
Various methods have been employed for ribonuclease determination: spectrophotometric methods differing with their use of Substrates, for example RNA from yeast (1^-3), transfer RNA from yeast and Escherichia coli (23) , and different polynucleotides (15, 17, 24) , methods using radiolabeled substrates (25) , and radioimmunoassäys (14) . in routine diagnostics, spectrophotometric methods are of special interest. In comparison with naturally occurring Substrates like RNA from yeast, the use of synthetic Substrates offers advantages for the standafdization of methods. Polycytidylic acid (7) has been recommended for this purpose although the different isoenzymes of serum ribonuclease are not equally able to hydrolyse this Substrate (14, 15) . In comparative determinations of catalytic ribonuclease activity in sera, Scott (23) found a good cörrelation between the values of the catalytic activity of the so-called total ribonuclease (determined with tRNA) and the cytidine-specific ribonuclease. However, it is surprising that in general the method elaborated for pancreatic ribonuclease (16, 17) is also used to determine this enzyme in serum (7, 24) . Corbtshley et al. (10) became aware of this problem by the high imprecision data that they obtained with the original method according to Reddi (7) . By decreasing the Substrate concentration Corbishley et al. (10) succeeded in improving the analytical reliability of ribonuclease measurement. Unfortunately, they did not systematically study other analytical variables like buffer and pH, cation effects, and the precipitation procedure. In order to äs far äs possible eliminate the mentioned effect of isoenzymes on the development of the method the experiments were performed with a pool of 30 serum samples obtained from healthy persons. (23) . Thus the observed pH behaviour of ribonuclease is also a result of a specific buffer ion effect. The expression "acid" and "alkaline" ribonuclease corresponding to the pH optimum in various buffers is not advisable and should be avoided (26) . Employing the ispelectric focusing method, three isoenzymes of ribonuclease in their basic, neutral, and acid forms were detected in human serum (12) . Different procedures have been described for stopping the catalytic activity of ribonuclease after the incubation period chosen and for precipitating the undegraded Substrate (17, 27) . The reaction products in the supernatant and consequently the measured absorbance also depend on the precipitating reagent used (e. g. perchloric acid alone or in combination with lanthanum nitrate pr uranium salts) (17) . The precipitation technique using perchloric acid and lanthanum nitrate has been mostly recommended but there has not yet been a systematic study of the effects of these compounds. In general, 0.6 mol/1 of perchloric acid is used äs a final concentration to precipitate the unreacted Substrate (7, 26) . Our results prove that it is neeessary to reduce this concentration to avoid any unspecific decomposition.
Compared with the traditional method for determining ribonuclease activity with polycytidylic acid acĉ ordihg to Reddi (7), our modified method is more sensitive and has the following ädvantages:
1. The method is optimized with regard to all the analytical variables which influence the reaction rate of ribonuclease and with regard to the measurement of products caused by this ribonuclease action.
2. Being a micromethod, it costs less. Reagents for one test cost about 15 cents in comparison with about one dollar for the method of Reddi (7).
3. By using complete buffer/substrate mixture and avoiding further dilutions after stopping the reaction, one person is able to make about 200 determinations a day.
We were not able to perform comparative determinations between our method and the recommended method with tRNA äs Substrate (26) . But Scott (23) observed about five fold higher catalytic ribonuclease activities determined with polycytidylic acid äs substrate than with tRNA. As our modified method resulted in a three to four fold increased sensitivity in comparison wi#i the traditional method for determining ribonuclease activity with polycytidylic acid according to Reddi (7), we assume that ten to twenty fold higher values are obtained with our method compared with the method using tRNA äs Substrate.
To characterize the method further, the catalytic concentration of ribonuclease activity was measured in blood donors. It is generally accepted that ribonuclease increases with age and is independent of sex (24). The age influence was not investigated because our subjects had relatively close ages. Therefore, our reference intervals can only be considered preliminary for adults. Our values, however, are higher than those so far described with the Substrate polycytidylic acid (24) . Previpusly reported mean values for subjects in the age ränge 20 to 50 years lie between 10 and 13 kU/1. With our optimized reaction conditions, we found a mean value for 21.8 kU/1.
